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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/I L99/00288 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originally fifed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -24 as originally filed 

Claims, No.: 

1 -42 with telefax of 31/07/2000 

Drawings, sheets: 

1 /1 0-1 0/1 0 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 
£3 paid additional fees. 

□ paid additional fees under protest, 

□ neither restricted nor paid additional fees. 
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2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1 , 13.2 and 13.3 is 

□ complied with. 

EE3 not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

E3 the parts relating to claims Nos. 1 - 42. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1 


-42 




No: 


Claims 






Inventive step (IS) 


Yes: 


Claims 


1 


-42 




No: 


Claims 






Industrial applicability (IA) 


Yes: 


Claims 


1 


-42 




No: 


Claims 







2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item IV 

Lack of unity of invention 

The present application contains two independent claims (claims 1 and 32) which 
have been found to be not so so linked as to form a single general inventive 
concept (Rule 13.1 PCT) for the following reasons: 

The method according to claim 32 does not necessarily require a piezoelectric 
micromotor of the type claimed in claim 1 and the piezoelectric micromotor is not 
interrelated with the method in that its application is not necessarily limited 
thereto. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1: EP-A-0 633 616 (NANOMOTION LTD) 11 January 1995 (1995-01-11) cited 
in the application 

D2: EP-A-0 536 832 (PHILIPS PATENTVERWALTUNG ;PHILIPS NV (NL)) 14 
April 1993 (1993-04-14) 

2. There is no doubt in regard of the possibility of an industrial applicability of the 
subject-matter claimed in claims 1-31. 

Furthermore the subject-matter of Claim 1 is considered to be new and to involve 
an inventive step with respect to the available documents cited in the International 
Search Report and representing a state of the art according to Rule 64(1 ) PCT. 

The dependent claims 2-31 refer to claim 1 directly or indirectly and meet the re- 
quirements for such claims with regard to novelty and inventive step. 

3. The subject-matter of claim 1 of the present application is related to piezoelectric 
micromotor comprising a vibrator in the shape of a rectangular parallelepiped 
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formed from a plurality of thin piezoelectric layers aligned one on top of the other 
and having their face surfaces bonded together. The electrode configuration of the 
vibrator is suitable for exciting transverse vibrations, so that a coupling region of 
the motor can be moved parallel to an edge surface on which the coupling region 
is located. 

The problem to be solved is to provide a high power, low voltage piezoelectric 
micromotor allowing improved control of motion which it imparts to a body it 
moves during "start up" and positioning of the body. 

In contrast to the piezoelectric micromotor according to claim 1 the piezoelectric 
motors described in D2, both the bimorph motor and the rotary motor, operate in a 
bending mode only in which longitudinal vibrations are combined with bending 
vibrations, which are perpendicular to the plane of the motors, to impart motion to 
a moveable element. Neither of the motors known from D2 is exited to vibrate in a 
transverse vibration mode, or comprises an electrode configuration suitable for 
exciting transverse vibrations. 

With respect to document D1 it has to be noted that the limitation to layers which 
"are aligned one on top of the other and have their face surfaces bonded 
together" is not taught or implied by D1 . D1 even teaches away from bonded 
layers. To increase power D1 teaches (column 11, lines 19-52) mounting a 
plurality of piezoelectric plates either in tandem and/or in parallel by mounting the 
plates in appropriate frames, which are referred to as "spacers". As shown in Figs. 
6 and 7 of D1, the spacers keep the plates from direct contact with each other. In 
column 1 1 , lines 40 - 45 D1 notes that the plates are also constrained from 
moving perpendicular to their faces, preferably "by extensions of spacer unit 74 

These extensions are clearly visible in Fig, 7 of D1 and are shown separating 
the plates. 

In consequence the subject-matter of claim 1 is considered to be novel and non- 
obvious over the disclosure of documents D1 and D2, with regard to inventive 
step either standing alone or in combination. 

4. There is no doubt in regard of the possibility of an industrial applicability of the 
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subject-matter claimed in claims 32 - 42. 

Furthermore the subject-matter of Claim 32, insofar as the present text can be 
understood with the help of the description, is considered to be new and to involve 
an inventive step with respect to the available documents cited in the International 
Search Report and representing a state of the art according to Rule 64(1) PCT, if 
the defects of this claim can be removed by suitable amendments. 
The dependent claims 33 - 42 refer to claim 32 directly or indirectly and meet the 
requirements for such claims with regard to novelty and inventive step. 

5, The subject-matter of claim 32 is related to a method for accelerating or 
decelerating a movable body moved by a piezoelectric micromotor in which 
vibrations having a first amplitude in a first direction and a second amplitude in a 
second direction perpendicular to the first direction are exited. Acceleration or 
deceleration is achieved by gradually changing a ratio between the second 
amplitude relative to the first amplitude. 

The problem to be solved is to accurately control acceleration or deceleration of 
the body. 

In document D1 longitudinal and transverse vibration modes and in document D2 
longitudinal and transverse bending vibration modes are used to transmit motion 
from a piezoelectric motor to a moveable body to which the motor is coupled. 
Neither of these documents teaches varying the amplitude of one of the vibration 
modes used to move the body with respect to the other of the vibration motes. In 
particular neither of these documents teaches varying one of the amplitudes with 
respect to the other to achieve gradual and accurately controlled acceleration or 
deceleration of the body. 

Document D1 recognizes a need for fine control of motion of a movable e body 
driven by a piezoelectric motor when accelerating the body from rest and when 
decelerating the body to rest. In a discussion in column 8, line 56 to column 10, 
line 57, D1 describes bringing a body that is driven by a piezoelectric motor to rest 
by switching operation of the motor from a vibratory mode driven by an AC voltage 
to a pulsed mode of operation in which electrodes of the motor are pulsed with DC 
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voltages. In column 12, lines 1 - 29, D1 describes using vibrators formed from 
different types of piezoelectric materials to achieve "smoother more accurate 
motion with smoother stops and starts" (column 12, lines 27 - 28). Document D1 
therefore, does not teach or imply achieving, gradual, smooth acceleration of a 
body driven by a piezoelectric motor by modifying relative amplitudes of vibratory 
modes of the motor that are normally used to drive the body, D1 in fact teaches 
away from such means of achieving gradual acceleration and teaches abandoning 
"normal" vibratory motion in favour of a pulsed mode of operation or using a 
combination of different piezoelectric materials to achieve gradual acceleration. 
The extended discussion in D1 of means for achieving gradual acceleration has 
also to be considered as being witness that such controlled acceleration is not a 
trivial matter when switching a piezoelectric motor on or off. 

With regard to document D2 it has to be noted that an embodiment of the 
invention described therein may be driven by pulses of voltage and that the pulses 
may have different amplitudes and rise times (see the remark made on page 2, 
lines 27 - 29). However this driving possibility of D2 is not disclosed in relation with 
accelerating or decelerating a body moved by the piezoelectric motors described. 
Document D2 does not address controlling acceleration and is completely silent 
about the problem to be solved of to accurately controlling acceleration or 
deceleration of the body. 

In the light of the above the subject-matter of claim 32, in as much as it is 
rendered clear (see item VIII below), is considered to be novel and non-obvious 
over the disclosure of the presently available prior art documents D1 and D2, with 
regard to inventive step either standing alone or in combination. 

Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5. 1 (a)(ii) PCT, the relevant background 
art disclosed in the documents D1 and 2 is not mentioned in the description, 
nor are these documents identified therein. 



Form PCT/Separate Sheet/409 (Sheet 4) {EPO- April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/IL99/00288 

EXAMINATION REPORT - SEPARATE SHEET 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 



Re Item VIII 

Certain observations on the international application 



1. In claim 32 "the" second direction is not defined in a preceding portion of the 
claim. The present formulation "which body is moved by urging a piezoelectric 
micromotor to the body in a first direction" together with "exiting vibrations ... in the 
first direction and in the direction of motion" may give the impression that the first 
direction is identical with the direction of motion. 

Furthermore the essential feature that the second direction is perpendicular to the 
first direction which was present in both original independent claims 32 and 43 
has been omitted from valid independent claim 32. 

It should also be noted that the description does not support other directions than 
a perpendicular direction with regard to the first and second direction. In 
consequence present claim 32 not only does not meet the requirements of Article 
6 PCT but also contravenes the requirements of Article 34 (2) PCT. 

2. The verbs indicated in the statement in the description at page 24, lines 3 - 6 have 
a well recognized meaning. Thus the intention of this vague and imprecise 
statement ("in the description and claims of the present application the verbs ...") 
cannot be understood. It would therefore appear that this statement implies that 
the subject-matter for which protection is sought may be different to that defined 
by the claims, thereby resulting in lack of clarity (Article 6 PCT) when used to 
interpret them (see also the PCT Guidelines, lll-4.3a). 
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I S Basis of the report 



It 
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Priority 


III 
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


is 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 






citations and explanations suporting such statement 
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Date of completion of this report 
22.09.2000 


Name and mailing address of the international 
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I. Basis of the report 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.) : 

Description, pages: 

1-24 as originally filed 

Claims, No.! - — - - — 

1 -42 with telefax of 3 1 /07/2000 

Drawings, sheets: 

1/10-10/10 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 
H paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 
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2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

El the parts relating to claims Nos. 1-42. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1 


-42 




No: 


Claims 






Inventive step (IS) 


Yes: 


Claims 


1 


-42 




No: 


Claims 






Industrial applicability (IA) 


Yes: 


Claims 


1 


-42 




No: 


Claims 







2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item IV 

Lack of unity of invention 

The present application contains two independent claims (claims 1 and 32) which 
have been found to be not so so linked as to form a single general inventive 
— concept (Rule 13.1 PCT) for the fo jj^ingj ^asons: 

The method according to claim 32 aoes not necessarily require a -p i a^yjeiecMc 
micromotor of the type claimed in claim 1 and the piezoelectric micromotor is not 
interrelated with the method in that its application is not necessarily limited 
thereto. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1: EP-A-0 633 616 (NANOMOTION LTD) 1 1 January 1995 (1995-01-1 1) cited 
in the application 

D2: EP-A-0 536 832 (PHILIPS PATENTVERWALTUNG ;PHILIPS NV (NL)) 14 
April 1993 (1993-04-14) 

2. There is no doubt in regard of the possibility of an industrial applicability of the 
subject-matter claimed in claims 1-31. 

Furthermore the subject-matter of Claim 1 is considered to be new and to involve 
an inventive step with respect to the available documents cited in the International 
Search Report and representing a state of the art according to Rule 64(1) PCT. 

The dependent claims 2 - 31 refer to claim 1 directly or indirectly and meet the re- 
quirements for such claims with regard to novelty and inventive step. 

3. The subject-matter of claim 1 of the present application is related to piezoelectric 
micromotor comprising a vibrator in the shape of a rectangular parallelepiped 
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formed from a plurality of thin piezoelectric layers aligned one on top of the other 
and having their face surfaces bonded together. The electrode configuration of the 
vibrator is suitable for exciting transverse vibrations, so that a coupling region of 
the motor can be moved parallel to an edge surface on which the coupling region 
is located. 



The problem to be solved is to provide a high power, low voltage piezoelectric 
micromotor allowing improved control ot motion wn ion it imparts to a body It 
moves during "start up" and positioning of the body. 

In contrast to the piezoelectric micromotor according to claim 1 the piezoelectric 
motors described in D2, both the bimorph motor and the rotary motor, operate in a 
bending mode only in which longitudinal vibrations are combined with bending 
vibrations, which are perpendicular to the plane of the motors, to impart motion to 
a moveable element. Neither of the motors known from D2 is exited to vibrate in a 
transverse vibration mode, or comprises an electrode configuration suitable for 
exciting transverse vibrations. 

With respect to document D1 it has to be noted that the limitation to layers which 
"are aligned one on top of the other and have their face surfaces bonded 
together" is not taught or implied by D1. D1 even teaches away from bonded 
layers. To increase power D1 teaches (column 1 1 , lines 19 - 52) mounting a 
plurality of piezoelectric plates either in tandem and/or in parallel by mounting the 
plates in appropriate frames, which are referred to as "spacers". As shown in Figs. 
6 and 7 of D1, the spacers keep the plates from direct contact with each other. In 
column 1 1 , lines 40 - 45 D1 notes that the plates are also constrained from 
moving perpendicular to their faces, preferably "by extensions of spacer unit 74 

These extensions are clearly visible in Fig, 7 of D1 and are shown separating 
the plates. 

In consequence the subject-matter of claim 1 is considered to be novel and non- 
obvious over the disclosure of documents D1 and D2, with regard to inventive 
step either standing alone or in combination. 

4. There is no doubt in regard of the possibility of an industrial applicability of the 



Form PCT/Separate Sheet/409 <Sheet 2) (£PO- April 1997) 




INTERNATIONAL PRELIMINARY International application No. PCT/IL99/00288 

EXAMINATION REPORT - SEPARATE SHEET 



subject-matter claimed in claims 32 - 42. 

Furthermore the subject-matter of Claim 32, insofar as the present text can be 
understood with the help of the description, is considered to be new and to involve 
an inventive step with respect to the available documents cited in the International 
R ^ fl r ^RapQrt -a nd-4^gre s entinn a_state_oJ the art acco rd ing to Ru|e^4(1) PCT, if 
the defects of this claim can be removed by suitable amendments. 
The dependent claims 33 - 42 refer to claim 32 directly or indirectly and meet Ihe 
requirements for such claims with regard to novelty and inventive step. 

5. The subject-matter of claim 32 is related to a method for accelerating or 
decelerating a movable body moved by a piezoelectric micromotor in which 
vibrations having a first amplitude in a first direction and a second amplitude in a 
second direction perpendicular to the first direction are exited. Acceleration or 
deceleration is achieved by gradually changing a ratio between the second 
amplitude relative to the first amplitude. 

The problem to be solved is to accurately control acceleration or deceleration of 
the body. 

In document D1 longitudinal and transverse vibration modes and in document D2 
longitudinal and transverse bending vibration modes are used to transmit motion 
from a piezoelectric motor to a moveable body to which the motor is coupled. 
Neither of these documents teaches varying the amplitude of one of the vibration 
modes used to move the body with respect to the other of the vibration motes. In 
particular neither of these documents teaches varying one of the amplitudes with 
respect to the other to achieve gradual and accurately controlled acceleration or 
deceleration of the body. 

Document D1 recognizes a need for fine control of motion of a movable e body 
driven by a piezoelectric motor when accelerating the body from rest and when 
decelerating the body to rest. In a discussion in column 8, line 56 to column 10, 
line 57, D1 describes bringing a body that is driven by a piezoelectric motor to rest 
by switching operation of the motor from a vibratory mode driven by an AC voltage 
to a pulsed mode of operation in which electrodes of the motor are pulsed with DC 
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voltages. In column 12, lines 1 - 29, D1 describes using vibrators formed from 
different types of piezoelectric materials to achieve "smoother more accurate 
motion with smoother stops and starts" (column 12, lines 27 - 28). Document D1 
therefore, does not teach or imply achieving, gradual, smooth acceleration of a 
body driven by a piezoelectric motor by modifying relative amplitudes of vibratory 
modesof the motor that are normally usedlo drive the body. D I in facMeaches : 
away from such means of achieving gradual acc el eration a nd teaches abandoning , 
"normal" vibratory motion in favour of a pulsed mode of operation or using a 
combination of different piezoelectric materials to achieve gradual acceleration. 
The extended discussion in D1 of means for achieving gradual acceleration has 
also to be considered as being witness that such controlled acceleration is not a 
trivial matter when switching a piezoelectric motor on or off. 

With regard to document D2 it has to be noted that an embodiment of the 
invention described therein may be driven by pulses of voltage and that the pulses 
may have different amplitudes and rise times (see the remark made on page 2, 
lines 27 - 29). However this driving possibility of D2 is not disclosed in relation with 
accelerating or decelerating a body moved by the piezoelectric motors described. 
Document D2 does not address controlling acceleration and is completely silent 
about the problem to be solved of to accurately controlling acceleration or 
deceleration of the body. 

In the light of the above the subject-matter of claim 32, in as much as it is 
rendered clear (.see item VIII below), is considered to be novel and non-obvious 
over the disclosure of the presently available prior art documents D1 and D2, with 
regard to inventive step either standing alone or in combination. 

Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5. 1 (a)(ii) PCT, the relevant background 
art disclosed in the documents D1 and 2 is not mentioned in the description, 
nor are these documents identified therein. 
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2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 



Re Item VIII 

Certain observations on the international application 



1. In claim 32 " the" second direction is not defined in a preceding portion of the 
claim. The present formulation "which body is moved by urging a piezoelectric 
micromotor to the body in a first direction" together with "exiting vibrations ... in the 
first direction and in the direction of motion" may give the impression that the first 
direction is identical with the direction of motion. 

Furthermore the essential feature that the second direction is perpendicular to the 
first direction which was present in both original independent claims 32 and 43 
has been omitted from valid independent claim 32. 

It should also be noted that the description does not support other directions than 
a perpendicular direction with regard to the first and second direction. In 
consequence present claim 32 not only does not meet the requirements of Article 
6 PCT but also contravenes the requirements of Article 34 (2) PCT. 

2. The verbs indicated in the statement in the description at page 24, lines 3 - 6 have 
a well recognized meaning. Thus the intention of this vague and imprecise 
statement ("in the description and claims of the present application the verbs ...") 
cannot be understood. It would therefore appear that this statement implies that 
the subject-matter for which protection is sought may be different to that defined 
by the claims, thereby resulting in lack of clarity (Article 6 PCT) when used to 
interpret them (see also the PCT Guidelines, lll-4.3a). 
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CLAIMS 



L A piezoelectric micromotor for moving a moveable element comprising: 

a vibrator in the shape of a rectangular parallelepiped formed from a plurality of thin 
layers of piezoelectric material having first and second identical relatively large rectangular 
face surfaces defined by long and short edge surfaces wherein the layers are aligned one on top 
of the other and have their face surfaces bonded together, 
— ^-^^.^elefttmdts-fHTjaB^r^ *f fo e foyers; 



. a ™rtact region located on one or more arte* BiriWn of thr \ vm , urg o d against the 

10 body; and 

a least one electrical power supply that electrifies electrodes to excite vibrations in the 
vibrator and thereby in the contact region that impart motion to the body; 

wherein at least some of the electrodes are electrifiable to excite transverse vibrations in 
the vibrator, which transverse vibrations are vibrations parallel to the one or more edges of the 
15 layers on which the contact region is situated. 

2. A piezoelectric micromotor according to claim 1 wherein the one or more edge surfaces 
are short edge surfaces of the layers. 

20 3. A piezoelectric micromotor according to claim 1 or claim 2 and including a wear 
resistant element situated at the contact region for contact with the body. 



25 



4. 



A piezoelectric micromotor according to any of tW preceding- claims comprising 
electrodes on face surfaces of the layers that are electrifiable hy an AC voltage provided by the 
power supply to excite elliptical vibrations in the vibrator having a controllable eccentricity. 

5. A piezoelectric micromotor accordmgto anyofmeprec^n^ 

a single large electrode on a first face surface of each layer; and 
four quadrant electrodes on a second face surface of each layer wherein the quadrant 
30 electrodes are arranged in a checkerboard pattern. 

6. A piezoelectric micromotor according to any of claims t-3, comprising: 
a single large electrode on a first face surface of each layer, and 

a single large electrode on the second face surface of at least one bat not all layers; 

25 
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four quadrant electrodes on the second face surface of at least one layer, wherein the 
quadrant electrodes arc arranged in a checkerboard pattern 



7. A piezoelectric micromotor according to claim 5 wherein at least two ncm-contiguous 
5 face surfaces have quadrant electrodes- 



8. A piezoelectric micromotor according to claim 5 wherein the at least one power supply 



with a same AC voltage so as to excite longitudinal vibrations in the vibrator and thereby in the 

10 contact surface wherein longitudinal vibrations are vibrations parallel to the edges of the layers 
on which the contact region is situated* 



9. A piezoelectric micromotor according to claim 6 wherein the power supply electrifies a 
large electrode on the second face surface of at least one layer with an AC voltage to excite 

15 longitudinal vibrations in the vibrator and thereby in the contact region wherein longitudinal 
vibrations are vibrations parallel to the edges of the layers on which the contact region is 
situated. 

10. A piezoelectric micromotor according to claim 8 or claim 9 wherein for at least one 
20 layer the at least one power supply electrifies a first pair of diagonally disposed quadrant 

electrodes with a first AC voltage and a second pair of quadrant electrodes along a second 
diagonal with a second AC voltage and wherein the first and second AC voltages are 180° out 
of phase and have a same magnitude, so as to excite transverse vibrations in the piezoelectric 
vibrator* 

25 

IL A piezoelectric motor accordiag to claim 10 wherein the at least one layer comprises a 
plurality of layers and wherein homologous electrodes on different layers of the plurality of 
layers are electrified with the same voltage. 

30 12. A piezoelectric motor according to claim 10 or claim 1 1 wherein the at least one power 
source controls magnitudes of AC voltages used to excite longitudinal and transverse 
vibrations to selectively provide different forms and amplitudes of vibratory motion of the 
contact region in a plane parallel to the planes of the layers. 
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13. A piezoelectric motor according to any of claims 10-12 wherein the at least one power 
source controls phases of AC voltages used to excite longitudinal and transverse vibrations to 
selectively provide different &nn$ of vibratory motion of the contact region in a plane parallel 
to the planes of the layers. 

5 

14. A piezoelectric motor according to any of claims 10-13 wherein the at least one power 
source controls frequencies of AC voltages used to excite longitudinal and transverse vibrations 

— to sdo^ ti vels ^i^^^^^^feims of v^ ratoiy~iffi5ite 

parallel to the planes of the layers. 

10 

15. A piezoekctric micromotor according to any of claims 8-14 wherein for at least one 
layer the at least one power supply electrifies a first pair of electrodes along a first short edge of 
the layer and a second pair of quadrant electrodes along a second short edge with first and 
second AC voltages respectively that are 180° out of phase and have a same magnitude, so as 

15 to excite tending vibrations perpendicular to the planes of the layers in the piezoelectric 
vibrator. 

16. A piezoelectric motor according to claim 15 wherein the at least one layer comprises a 
plurality of layers. 

20 

17. A piezoelectric motor according to claim 16 wherein homologous electrodes on layers 
located on a same side of a face surface inside the vibrator are electrified in phase and 
homologous electrodes on layers located on opposite sides of the face surface are electrified 
180° out of phase. 

25 

18. A piezoelectric motor according to claim 15 or claim 17 wherein the at least one power 
source controls magnitudes of AC voltages used to excite longitudinal and braiding vibrations 
to selectively provide different forms and amplitudes of vibratory motion of the contact region 
in a plane perperidicular to the planes of the layers. 

30 

19- A piezoelectric motor according to any of claims 15-18 wherein the at least one power 
source controls phases of AC voltages used to excite longitudinal and bending vibrations to 
selectively provide different forms of vibratory motion of the contact region in a plane 
perpendicular to the planes of the layers. 

27 
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20, A piezoelectric motor according to any of claims 15-19 wherein the at least one power 
source controls frequencies of AC voltages used to excite longitudinal and transverse vibrations 
to selectively provide different forms of vibratory motion of the contact region in a plane 
5 parallel to the planes of the layers* 

2L A piezoelectric micromotor according to any of claims 5-20 wherein* for at least one 

dia gonal of the layer with an AC voltage while a pair of quadrant elfintmrifw alnng a ^cmA 

10 diagonal of the layer are grounded or floating, in order to excite elliptical vibrations m the 
vibrator. 

22. A piezoelectric micromotor according to claim 21 wherein the at least one layer 
comprises a plurality of layers and wherein homologous electrodes are electrified with the 

15 same AC voltage. 

23. A piezoelectric motor according to claim 21 or claim 22 wherein the at least one power 
supply controls the frequency of the AC voltage to selectively control the eccentricity of the 
elliptical motion. 

20 

24. A piezoelectric micromotor according to any of the preceding claims and comprising at 
least one relatively thin layer of non-piezoelectric material having large rectangular face 
surfaces defined by long and short edges and relatively narrow long and short edge surfaces. 

25 25. A piezoelectric micromotor according to claim 24 wherein the one of the edges of the at 
least one non-piezoelectric layer are substantially equal in length to one of the ccaxe$pon*iing 
edges of the piezoelectric layers* 

26, A piezoelectric motor according to claim 25 wherein the one edge is a short edge. 

30 

27. A piezoelectric micromotor according to claim 25 or claim 26 wherein (he other edges 
of the at least one noa-piezoelectric layer are slightly longer than the corresponding other edges 
of the piezoelectric layeers so that at least one edge surface of the non-pie>zoelectric layer 
protrudes from the piezoelectric layers. 

28 
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28. A piezoelectric motor according to claim 27 wherein the oilier edge is the long edge and 
wherein at least one short edge surface of the non-piezoelectric layer protrudes from the 
piezoelectric layers, 

5 

29. A piezoelectric micromotor according to claim 27 or claim 28 wherein ihe contact 
region comprises a region of one of the at least one protruding edge surface* 

30. A piezoelectric micromotor according to any of r.ijfflrw 2.5-2 Q wW^'n fat*. ^ ] nfl ^ 

10 non-piezoelectric layer is formed from a metal. 

3 1 . A piezoelectric micromotor according to any of the preceding claims wherein the power 
supply is capable of electrifying the electrodes to cause motion in a selectively arbitrary 
direction in the plane of edge surfaces on which the contact surface is located. 

15 

32. A method for accelerating or decelerating a moveable body which body is moved by 
urging a piezoelectric micromotor to the tody in a first direction so that a contact region of the 
piezoelectric motor is pressed to the body and exciting vibrations in the piezoelectric 
micromotor at the contact region in the first direction and in the direction of motion of the 

20 body, said vibrations having a first amplitude in the first direction and a second amplitude in 
the second direction^ the method comprising: 

a) for acceleration gradually changing a ratio between the second amplitude relative to 
the fiist amplitude from substantially zero to a desired non-zero value; or 

b) for deceleration gradually changing the ratio between the second amplitude relative 
25 to the first amplitude from a non~2cro value to substantially zero, 

33. A method according to claim 32 wherein said vibrations in said first direction are 
excited by providing a first electrification to at least some first electrodes on the piezoelectric 
motor and wherein said vibrations in said second direction are excited by providing 

30 electrification to at least some second electrodes on the piezoelectric motor, at least some of 
which are different from said first electrodes, 

34* A method according to any of claim 33 wherein gradually changing the ratio comprises 
gradually changing the amplitude of one of the electrifications. 

29 
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35. A method according to claim 32 wherein first vibrations in the first and second 
* directions are excited by electrifying at least one first electrode on the piezoelectric vibrator 

and wherein second vibrations in the first and second directions are excited by electrifying at 
5 least one second electrode on the piezoelectric vibrator, wherein the phase of the vibrations in 

the second direction has substantially a 180° phase difference for the first and second 

vibrations. 



36. A method accordi ng to cMm 35 wherein far acjcdfyratiTig fh* hrufy grarfaflHy rhangnig 
10 the ratio comprises electrifying both said at least one first electrode and said at least one second 

electrode to cause cancellation of the vibrations in the second direction and gradually reducing 
electrification of one of the at least one first electrode and at least one second electrode. 

37. A method according to claim 35 wherein for decelerating the body, gradually changing 
15 the ratio comprises electrifying only one of said at least one first and second electrodes and 

gradually changing the ratio comprises gradually increasing electrification of the other of the 
first and second electrodes to cancel vibrations in the second duration. 

38. A method according to any of claims 33 - 37 wherein the piezoelectric motor comprises 
20 at least one piezoelectric layer and wherein the first and second electrodes are on the same 

layer. 

39. A method according to any of claims 33 - 37 wherein the piezoelectric motor comprises 
a plurality of piezoelectric layers and wherein the first and second electrodes are on different 

25 layers. 

40. A method according to claim 32 wherein vibrations in the first direction arc excited by 
applying a voltage to the piezoelectric motor within a first frequency range and wherein 
vibrations in the second direction are excited by applying a voltage to the piezoelectric motor 

30 within a second frequency range which partially overlaps the first frequency range. 

41. A method according to claim 40 wherein for accelerating the body gradually changing 
the ratio comprises comprises applying a voltage at a frequency at which vibrations in 

30 
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substantially only the first direction are excited and changing the frequency of the voltage to a 
frequency at which both vibrations in the first and second vibrations are excited. 

42. A method according to claim 40 wherein for. decelerating the body gradually changing 
the ratio comprises applying a voltage at a frequency at which both vibrations in fee First and 
second directions are excited and changing the frequency of the voltage to a frequency at 
which, vibrations in substantially only the first direction are excited. 



10 
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CLAIMS 

0\ ^ A- piezoelectric micromotor for moving a moveable element comprising: 

a vibrator in the shape of a rectangular parallelepiped formed from a plurality of thin 
5 layers of piezoelectric material having first and second identical relatively large rectangular 
face surfaces defined by long and short edge surfaces wherein the layers are aligned one on top 
of the other and have their face surfaces bonded together; 
electrodes on surfaces of the layers; 

a contact region located on one or more edge surfaces of the layers, urged against the 
10 body; and 

a least one electrical power supply that electrifies electrodes to excite vibrations in the 
vibrator and thereby in the contact region that impart motion to the body. 

2. A piezoelectric micromotor according to claim 1 wherein the one or more edge surfaces 
15 are short edge surfaces of the layers. 

3. A piezoelectric micromotor according to claim 1 or claim 2 and including a wear 
resistant element situated at the contact region for contact with the body. 

20 4. A piezoelectric micromotor according to any of the preceding claims comprising 
electrodes on face surfaces of the layers that are electrifiable by an AC voltage provided by the 
power supply to excite elliptical vibrations in the vibrator having a controllable eccentricity. 

5. A piezoelectric micromotor according to any of the preceding claims comprising: 
25 a single large electrode on a first face surface of each layer; and 

four quadrant electrodes on a second face surface of each layer wherein the quadrant 
electrodes are arranged in a checkerboard pattern. 

6. A piezoelectric micromotor according to any of claims 1-3, comprising: 
30 a single large electrode on a first face surface of each layer; and 

a single large electrode on the second face surface of at least one but not all layers; 
four quadrant electrodes on the second face surface of at least one layer, wherein the 
quadrant electrodes are arranged in a checkerboard pattern 



25 
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7. A piezoelectric micromotor according to claim 5 wherein at least two non-contiguous 
face surfaces have quadrant electrodes. 

8. A piezoelectric micromotor according to claim 5 wherein the at least one power supply 
5 electrifies all quadrant electrodes on the second face surface of at least one but not all the layers 

with a same AC voltage so as to excite longitudinal vibrations in the vibrator and thereby in the 
contact surface wherein longitudinal vibrations are vibrations parallel to the edges of the layers 
on which the contact region is situated. 

10 9, A piezoelectric micromotor according to claim 6 wherein the power supply electrifies a 
large electrode on the second face surface of at least one layer with an AC voltage to excite 
longitudinal vibrations in the vibrator and thereby in the contact region wherein longitudinal 
vibrations are vibrations parallel to the edges of the layers on which the contact region is 
situated. 

15 

10. A piezoelectric micromotor according to claim 8 or claim 9 wherein for at least one 
layer the at least one power supply electrifies a first pair of diagonally disposed quadrant 
electrodes with a first AC voltage and a second pair of quadrant electrodes along a second 
diagonal with a second AC voltage and wherein the first and second AC voltages are 180° out 

20 of phase and have a same magnitude, so as to excite transverse vibrations in the piezoelectric 
vibrator wherein transverse vibrations are vibrations parallel to the edges of the layers on which 
the contact region is situated. 

11. A piezoelectric motor according to claim 10 wherein the at least one layer comprises a 
25 plurality of layers and wherein homologous electrodes on different layers of the plurality of 

layers are electrified with the same voltage. 

12. A piezoelectric motor according to claim 10 or claim 1 1 wherein the at least one power 
source controls magnitudes of AC voltages used to excite longitudinal and transverse 

30 vibrations to selectively provide different forms and amplitudes of vibratory motion of the 
contact region in a plane parallel to the planes of the layers. 

13. A piezoelectric motor according to any of claims 10-12 wherein the at least one power 
source controls phases of AC voltages used to excite longitudinal and transverse vibrations to 
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selectively provide different forms of vibratory motion of the contact region in a plane parallel 
to the planes of the layers. 



14. A piezoelectric motor according to any of claims 10-13 wherein the at least one power 
5 source controls frequencies of AC voltages used to excite longitudinal and transverse vibrations 

to selectively provide different forms of vibratory motion of the contact region in a plane 
parallel to the planes of the layers. 

15. A piezoelectric micromotor according to any of claims 8-14 wherein for at least one 
10 layer the at least one power supply electrifies a first pair of electrodes along a first short edge of 

the layer and a second pair of quadrant electrodes along a second short edge with first and 
second AC voltages respectively that are 180° out of phase and have a same magnitude, so as 
to excite bending vibrations perpendicular to the planes of the layers in the piezoelectric 
vibrator. 

15 

16. A piezoelectric motor according to claim 15 wherein the at least one layer comprises a 
plurality of layers. 

17. A piezoelectric motor according to claim 16 wherein homologous electrodes on layers 
20 located on a same side of a face surface inside the vibrator are electrified in phase and 

homologous electrodes on layers located on opposite sides of the face surface are electrified 
180° out of phase. 

18. A piezoelectric motor according to claim 15 or claim 17 wherein the at least one power 
25 source controls magnitudes of AC voltages used to excite longitudinal and bending vibrations 

to selectively provide different forms and amplitudes of vibratory motion of the contact region 
in a plane perpendicular to the planes of the layers. 

19. A piezoelectric motor according to any of claims 15-18 wherein the at least one power 
30 source controls phases of AC voltages used to excite longitudinal and bending vibrations to 

selectively provide different forms of vibratory motion of the contact region in a plane 
perpendicular to the planes of the layers. 
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20. A piezoelectric motor according to any of claims 15-19 wherein the at least one power 
source controls frequencies of AC voltages used to excite longitudinal and transverse vibrations 
to selectively provide different forms of vibratory motion of the contact region in a plane 
parallel to the planes of the layers. 

5 

21. A piezoelectric micromotor according to any of claims 5-20 wherein, for at least one 
layer, the at least one power supply electrifies a pair of quadrant electrodes that lie along a first 
diagonal of the layer with an AC voltage while a pair of quadrant electrodes along a second 
diagonal of the layer are grounded or floating, in order to excite elliptical vibrations in the 

10 vibrator. 



22. A piezoelectric micromotor according to claim 21 wherein the at least one layer 
comprises a plurality of layers and wherein homologous electrodes are electrified with the 
same AC voltage. 

15 

23. A piezoelectric motor according to claim 21 or claim 22 wherein the at least one power 
supply controls the frequency of the AC voltage to selectively control the eccentricity of the 
elliptical motion. 

20 24. A piezoelectric micromotor according to any of the preceding claims and comprising at 
least one relatively thin layer of non-piezoelectric material having large rectangular face 
surfaces defined by long and short edges and relatively narrow long and short edge surfaces. 

25. A piezoelectric micromotor according to claim 24 wherein the one of the edges of the at 
25 least one non-piezoelectric layer are substantially equal in length to one of the corresponding 

edges of the piezoelectric layers. 

26. A piezoelectric motor according to claim 25 wherein the one edge is a short edge. 

30 27. A piezoelectric micromotor according to claim 25 or claim 26 wherein the other edges 
of the at least one non-piezoelectric layer are slightly longer than the corresponding other edges 
of the piezoelectric layers so that at least one edge surface of the non-piezoelectric layer 
protrudes from the piezoelectric layers. 
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28. A piezoelectric motor according to claim 27 wherein the other edge is the long edge and 
wherein at least one short edge surface of the non-piezoelectric layer protrudes from the 
piezoelectric layers. 

5 29. A piezoelectric micromotor according to claim 27 or claim 28 wherein the contact 
region comprises a region of one of the at least one protruding edge surface. 

30. A piezoelectric micromotor according to any of claims 25-29 wherein the at least one 
non-piezoelectric layer is formed from a metal. 

10 

31. A piezoelectric micromotor according to any of the preceding claims wherein the power 
supply is capable of electrifying the electrodes to cause motion in a selectively arbitrary 
direction in the plane of edge surfaces on which the contact surface is located. 

15 32. A method for accelerating a moveable body from rest comprising: 

(i) urging a piezoelectric micromotor to the body in a first direction so that a contact 
region of the piezoelectric motor is pressed to the body; 

(ii) exciting vibrations in the piezoelectric micromotor, at the contact region, in the first 
direction while the body is at rest and the piezoelectric motor is not vibrating in the second 

20 direction; and 

(iii) thereafter while the piezoelectric micromotor is vibrating in the first direction at the 
contact region, gradually increasing the amplitude of vibrations, at the contact region, in a 
second direction perpendicular to the first direction from zero to a desired maximum amplitude. 

25 33. A method according to claim 32 wherein said vibrations in said first direction are 
excited by providing a first electrification to at least some first electrodes on the piezoelectric 
motor and wherein said vibrations in said second direction are excited by providing 
electrification of at least some second electrodes, at least some of which are different from said 
first set of electrodes, 

30 

34. A method according to claim 33 wherein the piezoelectric motor comprises at least one 
piezoelectric layer and wherein the first and second electrodes are on the same layer. 
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35. A method according to claim 33 wherein the piezoelectric motor comprises a plurality 
of piezoelectric layers and wherein the first and second electrodes are on different layers. 



36. A method according to any of claims 33-35 wherein gradually increasing the amplitude 
5 of vibrations in the second direction comprises gradually increasing the amplitude of the 
second electrification. 



37. A method according to claim 32 wherein vibrations in the first direction are excited by 
applying a voltage to the piezoelectric motor within a first frequency range and wherein 

10 vibrations in the second direction are excited by applying a voltage to the piezoelectric motor 
within a second frequency range which partially overlaps the first frequency range. 

38. A method according to claim 37 wherein: 

performing (ii) comprises applying a voltage at a frequency at which only vibrations in 
15 the first direction are excited; and 

performing (iii) comprises changing the frequency of the voltage to a frequency at 
which both vibrations in the first and second vibrations are excited. 



39. A method according to claim 32 wherein first vibrations in the first and second 
20 directions are excited by exciting at least one first electrode and wherein second vibrations in 
the first and second directions are excited by exciting at least one second electrode, wherein the 
phase of the vibrations in the second direction has substantially a 180 degree phase difference 
for the first and second vibrations. 



25 40. A method according to claim 39 wherein: 

performing (ii) comprises exciting both said at least one first electrode and said at least 
one second electrode to cause cancellation of the vibrations in the second direction; and 

performing (iii) comprises gradually reducing one of the first and second excitations. 

30 41. A method according to claim 39 or claim 40 wherein the piezoelectric motor comprises 
at least one piezoelectric layer and wherein the first and second electrodes are on the same 
layer. 
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42. A method according to claim 39 or claim 40 wherein the piezoelectric motor comprises 
a plurality of piezoelectric layers and wherein the first and second electrodes are on different 
layers. 

43. A method of decelerating a moving body being moved, by a piezoelectric micromotor 
to the body in a first direction so that a contact region of the piezoelectric motor is pressed to 
the body, in a second direction perpendicular to the first direction, said movement being 
affected by phased vibrations at the contact region in the first and second directions, the 
method comprising: 

gradually reducing the amplitude of vibrations in the second direction while 
maintaining the vibrations in the first direction; and 

44. A method according to claim 43 wherein said vibrations in said first direction are 
excited by providing a first electrification to at least some first electrodes on the piezoelectric 
motor and wherein said vibrations in said second direction are excited by providing 
electrification of at least some second electrodes, at least some of which are different from said 
first set of electrodes. 

45. A method according to claim 44 wherein gradually decreasing the amplitude of 
vibrations in the second direction comprises gradually decreasing the amplitude of the second 
electrification. 

46. A method according to claim 44 or claim 45 wherein the piezoelectric motor comprises 
at least one piezoelectric layer and wherein the first and second electrodes are on the same 
layer. 

47. A method according to claim 44 or claim 45 wherein the piezoelectric motor comprises 
a plurality of piezoelectric layers and wherein the first and second electrodes are on different 
layers. 

48. A method according to claim 43 wherein vibrations in the first direction are excited by 
applying a voltage to the piezoelectric motor within a first frequency range and wherein 
vibrations in the second direction are excited by applying a voltage to the piezoelectric motor 
within a second frequency range which partially overlaps the first frequency range. 
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49. A method according to claim 48 wherein: 

performing (i) comprises changing the frequency to a frequency at which only 
vibrations in the first direction are excited. 

5 

50. A method according to claim 43 wherein first vibrations in the first and second 
directions are excited by exciting at least one first electrode and wherein second vibrations in 
the first and second directions are excited by exciting at least one second electrode, wherein the 
phase of the vibrations in the second direction has substantially a 180 degree phase difference 

10 for the first and second vibrations, wherein said motion is caused by exciting only one of said 
at least one first and at least one second electrodes. 

51. A method according to claim 50 wherein: 

performing (i) comprises exciting both said at least one first electrode and said at least 
15 one second electrode to cause cancellation of the vibrations in the second direction. 

52. A method according to claim 50 or claim 51 wherein the piezoelectric motor comprises 
at least one piezoelectric layer and wherein the first and second electrodes are on the same 
layer. 

20 

53. A method according to claim 50 or claim 51 wherein the piezoelectric motor comprises 
a plurality of piezoelectric layers and wherein the first and second electrodes are on different 
layers. 
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